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2'-(N-Alkylamino)chalcones, prepared by aldol condensation of 2'-aminoacetophenones and benzaldehydes followed by N-alkylation with alkyl halides, upon treatment with polystyrene-supported selenenyl bromide in the presence of ZnCl 2 afforded 2,3-dihydro-3-polystyrene-supported selenenyl-4-quinolones. These compounds were subsequently oxidized with H 2 O 2 and eliminated to give 1-alkyl-2-phenyl-4-quinolones. 10 Palladium-catalyzed carbonylative coupling of 2-iodo-N-ethylaniline with phenylacetylene occurred smoothly to give a mixture of the corresponding enamine and the desired cyclic quinolone. Further cyclization of the enamine intermediate with sodium hydride in refluxing THF led to 1-ethyl-2-phenyl-4-quinolone.
11 Palladium-catalyzed tandem amination of 2-bromoalkynones, obtained by Sonogashira cross-coupling of arylacetylenes and 2-bromobenzoyl chlorides, with arylamines in refluxing dioxane was effective for the synthesis of 1-aryl-2-phenyl-4-quinolones. 12 Similarly, treatment of 2-halophenyl alkynones with arylamines afforded the corresponding 3-(N-arylamino) α,β-unsaturated ketones by conjugate addition. These compounds were then cyclized with K 2 CO 3 in refluxing DMF for 52 h 13 or K 2 CO 3 /CuI and DMEDA as a ligand in DMSO 14 to give 1-phenyl-2-aryl-4-quinolones, but the scope of the synthesis of 1-alkyl-2-phenyl-4-quinolones was not fully investigated.
Although several methods to synthesize 1-alkyl-2-phenyl-4-quinolones have been reported, they often suffer from harsh reaction conditions, multiple steps, and low yields. As part of an extension of our studies on azaflavonoids as potential drug candidates, 15 we report that novel 1-alkyl-2-phenyl-4-quinolones can be efficiently synthesized in high overall yields from 2-halobenzoic acids under relatively mild conditions. 2-Halobenzoyl chlorides (2) were efficiently prepared by treating 2-halobenzoic acids (1) with oxalyl chloride in the presence of pyridine in dichloromethane between 0 o C and 25 o C (Scheme 1). After stirring overnight, dichloromethane was evaporated, the residue was dissolved in anhydrous THF, and pyridinium hydrochloride was removed by filtration. The condensed residue was purified by vacuum distillation to give 2 (R =OMe, X=F; 91%). Novel 4,6-pyrimidyl di(2-halobenzoates) (3) were prepared by acylation of 2 equiv of 2 with 4,6-dihydroxypyrimidine in the presence of 2 equiv of triethylamine in dichloromethane at 25 o C according to our previous similar method. 16 After evaporating dichloromethane, the mixture was dissolved in anhydrous THF, and triethylamine hydrochloride was removed by filtration. The condensed residue was purified by short-pathway silica gel (Davisil ® , pH = 7) column chromatography or recrystallization from 75% EtOAc/n-hexane to give 3 (R Notes in 75-89% yields. The reaction seems to proceed via a 6-membered chelate 4. Side products such as the corresponding alcohols, due to over-addition of (hetero)arylethynyl magnesium bromides to 5, were not observed regardless of steric hindrance from 2-halo group in 3.
The synthesis of 1-alkyl-2-phenyl-4-quinolones was carried out in a one-pot sequence of 1,4-addition of alkylamines to 5 and subsequent cyclization of the intermediate 6. For example, the addition of methylamine to a solution of 1-(2-bromophenyl)-3-phenyl-2-propyn-1-one (5a) in EtOH/THF afforded the corresponding addition product 6a, which was identified by some spectral data [characteristic values: As shown in Table 1 , various 1-alkyl-2-phenyl-4-quinolones were synthesized in high overall yields (39-68%) from starting material 1. The presence of electron-withdrawing group, such as 7-chloro (7c, 7d) in the condensed benzene ring accelerated the rate of cyclization. Moreover, a 2-fluoro group in 5 was more readily substituted than a 2-bromo group, which indicates that the initial addition of the enamino anion of 6 is slow. The reaction worked well regardless of the type and position of electron-withdrawing group (7h) and electron-donating groups (7b, 7c, 7e, 7f, 7i, 7j) of the substituted phenyl rings at the 2-position under these reaction conditions. Furthermore, this method was applicable to the synthesis of 7 containing heteroaromatic groups, such as 3-thienyl (7d) and 3-pyridyl group (7g), in place of the substituted phenyl rings at the 2-position.
In conclusion, the present method offers an efficient synthesis of 1-alkyl-2-phenyl-4-quinolones from 2-halobenzoic acids. It has the advantages with respect to (i) synthesis of 2 equiv of alkynones 5 from 1 equiv of 4,6-pyrimidyl di(2-halobenzoates) 3, (ii) synthesis of versatile 1-alkyl-2-phenyl-4-quinolones in high overall yields, and (iii) use of readily available and cheap starting materials. Therefore, this method could be utilized as a practical synthesis of 1-alkyl-2-phenyl-4-quinolones.
Experimental Section
Preparation of 4,6-Pyrimidyl di(2-bromo-4-chlorobenzoate) (3c). 2-Bromo-4-chlorobenzoyl chloride (2.54 g, 10.0 mmol) was added to a suspension of 4,6-dihydroxypyrimidine (560 mg, 5.0 mmol) and triethylamine (1.4 mL, 10.0 mmol) in dichloromethane (40 mL) at 25 o C. After stirring for 3 h, dichloromethane was evaporated in vacuo. The mixture was dissolved in anhydrous THF and triethylamine hydrochloride was removed by filtration. The residue was recrystallized twice from 75% EtOAc/n-hexane to give 3c Preparation of 1-Ethyl-7-chloro-2-(4'-methoxyphenyl)-4-quinolone (7c): To a solution of 5c (699 mg, 2.0 mmol) in EtOH/THF (12/12 mL) was added ethylamine (1.5 mL, 2.0 M in MeOH, 3.0 mmol) at 25 o C and stirred for 8 h. After evaporation of the solvents, a solution of the intermediate 6c in DME (15 mL) was added to a suspension of sodium hydride (88 mg, 60% dispersion, 2.2 mmol) in DME (10 mL) at 25 o C. Stirring was continued for 0.5 h and the resulting solution was refluxed for a further 2 h. The mixture was quenched with H 2 O (5 mL) and the solvent was evaporated in vacuo. The mixture was poured into 5% NaCl solution (30 mL) and extracted with dichloromethane (3 × 20 mL). The combined organic phases were dried over MgSO 4 , filtered, and concentrated in vacuo. The residue was recrystallized twice from 10% EtOAc/n-hexane to give 7c (562 mg, 90%). mp 214-216 Table 1 . Preparation of 1-(2-halophenyl)-3-(hetero)aryl-2-propyn-1-ones 5 and 1-alkyl-2-phenyl-4-quinolones 7 from 2-halobenzoic acids 1
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